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ABSTRACT 

The  5-year  growth  response  of  a  43-year-old,  suppressed, 
even-aged  grand  fir-Shasta  red  fir  stand  of  advance  repro- 
duction was  measured  in  central  Oregon  after  release  and 
thinning.     Both  diameter  and  height  growth  of  the  seedlings 
and  saplings  responded  immediately  after  competition  of  the 
lodgepole  pine  overstory  was  eliminated--the  growth  rate 
increasing  two  to  three  times  above  the  5-year  pre-release 
rate.     Spacing  treatments  had  no  differential  effect  on 
growth  response  of  the  fir  understory;  both  species  responded 
similarly  except  for  a  greater  number  of  epicormic  branches 
on  grand  fir. 

KEYWORDS:     Release,  competition  (plant),  advance  growth, 
growth  response,  grand  fir,  Abies  grandis , 
Shasta  red  fir,  Abies  magnifica. 


OREST  SERVICE  -  U.S.  DEPARTMENT  OF  AGRICULTURE  -  PORTLAND.  OREGON 


INTRODUCTION 


The  upper  slope  mixed  conifer  forests  of  eastern  Oregon  and  Washington 
are  some  of  their  most  productive  forests.    Additional  information,  however, 
is  needed  on  the  growth  and  yield  of  managed  stands.     True  firs  are  an  impor- 
tant component  of  these  mixed  conifer  forests,  but  no  information  is  available 
regarding  the  growth  of  true  fir  stands  under  various  spacing  and  thinning 
regimes . 

In  1970,  a  study  was  begun  in  a  suppressed  even-aged  stand  of  grand  fir 
{Abies  grandis  (Dougl.)  Lindl.)  and  Shasta  red  fir  {A.  magn-ifiaa  var.  shastensis 
Lemm.)  in  central  Oregon.    The  purpose  of  this  study  was  to  obtain  data  on 
growth  of  grand  and  Shasta  red  fir  at  several  spacings  and  under  a  progressive 
thinning  schedule.    This  paper  reports  results  from  the  first  5-year  period 
of  the  study. 

STUDY  AREA  AND  METHODS 

The  study  site  is  located  on  the  Lookout  Mt.  unit  of  the  Pringle  Falls 
Experimental  Forest  about  35  miles  (56  km)  southwest  of  Bend,  Oregon  on  a 
north-facing  13-percent  slope  at  an  elevation  of  about  5,600  feet  (1  706  m) . 
The  soil  is  a  well-drained  Regosol  (Longbell  series)  developed  in  dacite 
pumice  orginating  from  the  eruption  of  Mount  Mazama  (Crater  Lake)  6,500  years 
ago.     It  has  an  Al,  AC,  CI,  C2  pumice  horizon  about  3  feet  (0.9  m)  deep  over 
the  buried  soil. 

Before  study  installation,  the  timber  stand  consisted  of  75-year-old 
lodgepole  pine  (P-inus  oontorta  Dougl.)  overstory  with  a  43-year-old  grand 
fir-Shasta  red  fir  seedling  and  sapling  understory  averaging  about  4.5  feet 
(1.4  ra)  in  height.    About  70  percent  of  the  understory  was  less  than  0.6-inch 
(1.5-cm)  d.b.h.,  and  average  d.b.h.  of  measurable  trees  was  about  1  inch 
(2.5  cm).     Site  index  of  older  red  fir  in  the  area  based  on  Schumacher's 
(1928)  curves  indicates  a  height  of  65  feet  (20  m)  at  age  50.     Site  index 
based  on  curves  of  DeMars  et  al .   (1970)  shows  a  height  of  120  feet  (37  m)  at 
age  100.     The  lodgepole  basal  area  averaged  about  150  ft^  per  acre  (34.4  m^/ha) 
and  there  were  about  3,000  fir  trees  per  acre  (7  410/ha)  in  the  understory. 

The  study  area  is  located  in  an  Abies  magnifioa  shastensis /Chimaphila 
unibellata  plant  community  (Franklin  and  Dyrness  1973,  p.   155).  Ground 
vegetation  is  sparse,  consisting  primarily  of  prince's  pine  {Chimaphila 
imbelZata')  .    Small  amounts  of  other  genera  such  as  ArotostaphyloSj  Stipa, 
Carexy  and  Epilobiim  are  also  present. 

The  study  in  the  fir  understory  consists  of  two  closely  related  parts. 
The  first  part  is  an  initial  spacing  experiment  testing  four  spacings  (6-, 
12-,  18-,  and  24-foot;  1.8-,  3.7-,  5.5-,  and  7.3-m)  created  by  thinning  in 
1970.     Each  spacing  was  replicated  two  times  making  a  total  of  eight  plots. 
Twenty- four  trees  were  measured  in  each  plot;  thus  plot  size  including  buffer 
strips  ranged  from  0.14  acre  (0.06  ha)  to  0.64  acre   (0.26  ha),  depending  upon 
the  spacing.     No  further  thinning  will  be  done  in  these  plots. 

The  second  part  of  the  study  is  a  progressive  thinning  experiment  with 
a  design  similar  to  O'Conner's   (1935)  consisting  of  eight  0.25-acre  (0.10-ha) 
plots.     All  plots  were  thinned  to  a  6-foot  (1.8  m)-spacing  in  1970.  IVhen 
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diameter  growth  on  these  plots  decreases  0.1  inch  (0.25  cm)  or  more  from  the 
previous  year,  six  of  the  eight  plots  will  be  thinned  to  a  12-foot  (3.7-m) 
spacing.  When  growth  on  these  six  plots  again  slows,  four  of  the  six  will 
be  thinned  to  a  18-foot  (5.5-m)  spacing.  This  progressive  thinning  will 
continue  until  there  are  two  plots  at  each  of  four  final  spacings  equal  to 
those  in  the  initial  spacing  experiment.  This  will  permit  a  comparison  of 
volume  growth  and  yield  between  the  initial  spacing  plots  (part  1)  and  the 
plots  thinned  over  a  number  of  years  to  tlie  same  final  spacings   (part  2). 

After  plots  were  established  in  the  study  area,  the  lodgepole  pine 
overstory  was  killed  with  2,4-D  [ (2 ,4-dichlorophenoxy)  acetic  acid]  to 
release  the  fir  understory  without  logging  damage  and  provide  a  partial 
shade  for  a  few  years  after  release.     Some  fir  seedlings  near  the  plots 
were  transplanted  onto  the  plots  to  improve  the  spacing. 

Total  height  of  all  plot  trees  was  measured  to  the  nearest  0.1  foot 
(0.03  m)  and  d.b.h.  of  trees  0.6  inch  (1.5  cm)  or  larger  was  measured  to 
the  nearest  0.1  inch  (0.25  cm)  in  1971  and  1975.     Diameter  breast  height 
was  measured  annually  on  a  10-percent  random  sample  of  trees  on  the  fixed 
area  plots.     In  1976,  50  trees  of  each  species  were  randomly  chosen  from 
trees  in  the  buffer  strips  and  cut  at  the  ground  line  for  measurements  of 
diameter  growth  during  the  5-year  period  before  and  after  release.  Also 
in  1976,  the  5-year  pre-release  height  growth  of  all  trees  in  the  initial 
spacing  plots  and  the  10-percent  sample  in  the  fixed  area  plots  were 
measured  by  counting  whorls.     Crown  diameter  and  height  to  live  crown  were 
measured  on  10  trees  per  plot  on  the  initial  spacing  (variable  area)  plots 
in  1971  and  1975. 

After  thinning,  average  height  of  trees  on  the  eight  fixed  area  plots 
was  4.6  feet  (1.4  m)  and  ranged  from  3.8  to  5.6  feet   (1.2  to  1.7  m)  on  the 
variable  area  plots  (table  1),    Average  d.b.h.  of  trees  of  measurable  size 
was  about  1  inch  (2.5  cm).     Of  the  trees  in  the  fixed  area  plots,  59  percent 
were  grand  fir  compared  with  81  percent  in  the  variable  area  plots. 


Table  l--Cnaracte7*ietio8  of  grand  fir-Shasta  red  fir  plots  after  initial  1970  thitming  and  5  years  later  (per  acre) 


Spacing 

Species 
compos  i  t  i  on 

Number 

of 
trees 

Trees 
than  0 
inch  d 

less 

.6- 

.b.h. 

Quadritic 
mean    .  . 
diameter-' 

Average 
height 

Average  crown 
diameter 

Average  height  to 
live  crown 

Average  live  crown 
ratio 

Grand 
fir 

Red 
fir 

Grand 
fir 

Red 
fir 

Grand 
fir 

Red 
fir 

Grand 
fir 

Red 
fir 

Feet 

-  -  Percent  -  - 

Number 

Percent 

Inches 

Feet 

-  -  Feet 

Feet 

Percent  -  - 

After  thinning  (1970) 

Fixed  area  plots 

6  by  6 

59 

41 

1.169 

817 

70 

1.0 

4.6 

y 

y 

Variable  area  plots 

6  by  6 

81 

19 

1,200 

975 

81 

1.2 

3.8 

3.2 

2.7 

2 

3 

2.1 

58 

6 

52.7 

12  by  12  79 

21 

304 

158 

52 

1.1 

5.6 

3.5 

3.8 

2 

6 

2.9 

61 

9 

64.5 

18  by  18  92 

8 

134 

103 

77 

0.9 

4.3 

3.1 

3.5 

2 

4 

2.4 

57 

3 

66.4 

24  by  24  71 

29 

76 

63 

83 

1.0 

4.1 

3.3 

3.4 

2 

1 

2.3 

62 

0 

57.1 

1975: 

Fixed  area  plots 

y 

6  by  6 

59 

41 

1,114 

498 

45 

1.5 

6.7 

LI 

y 

Variable 

area  plots 

6  by  6 

81 

19 

1,200 

800 

67 

1.2 

5.3 

4.6 

3.9 

0 

9 

2.1 

87 

C 

61.1 

12  by  12  79 

21 

304 

95 

31 

1.8 

8.0 

5.2 

6.6 

1 

5 

2.0 

83 

3 

83.8 

18  by  18  92 

B 

132 

61 

46 

1.4 

6.5 

4.6 

5.1 

1 

3 

2.1 

84 

2 

80.6 

24  by  24  71 

29 

76 

33 

43 

1.3 

6.0 

4.9 

4.8 

1 

3 

2.2 

83 

8 

70.6 

All  trees  0.6-inch  d.b.h.  and  larger. 
^  Crown  dimensions  not  measured  on  fixed  area  plots. 
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Diameter  and  height  growth  differences  between  species  were  analyzed  with 
a  t-test.     Growth  differences  among  the  initial  spacing  plots  were  analyzed 
using  analysis  of  variance  in  a  completely  randomized  design.    Height  growth 
was  also  subjected  to  an  analysis  using  initial  height  before  release  and 
thinning  as  the  covariate ,     No  analyses  were  applied  to  data  from  the  fixed 
area  plots  since  they  are  now  all  at  the  same  spacing.    The  word  significant 
is  used  in  the  statistical  sense. 


RESULTS 

Diameter  Growth 

Diameter  growth  was  not  affected  by  variations  in  spacing.     During  the 
5  years  after  release,  annual  growth  averaged  0.16  inch  (0.41  cm)  on  the 
12-,  18-,  and  24-foot   (3.7-,  5.5-,  and  7.3-m)  spacings  and  0.15  inch  (0.38  cm) 
on  the  6-foot   (1.8-m)  spacing  (table  2).     On  the  eight  fixed  area  plots  now 
at  a  6-foot  (1.8-m)  spacing,  periodic  annual  diameter  growth  averaged  0.15  inch 
(0.38  cm)  and  the  difference  in  growth  between  grand  fir  (0.14  inch;  0.36  cm 
per  year)  and  red  fir  (0.16  inch;  0.41  cm  per  year)  was  not  significant. 


Table  Z--Periodia  annual  diameter  growth  and  changes  in  arown  dimensicms  of  grand  fir~Shasta 
red  fir  saplings  after  release  and  initial  thinning  at  age  43 


Changes 

in: 

Spacing 

Diameter 
growth!/ 

Crown  diameter 

Height  to  live  crown 

Live  crown  ratio 

Grand  fir 

Red  fir 

Grand  fir 

Red  fir 

Grand  fir 

Red  fir 

Feet 


Inches 


Fixed  area  plots: 

6  by  6  0.15 
Variable  area  plots: 


6  by  6 
12  by  12 
18  by  18 
24  by  24 
Mean 


0.15 
0.16 
0.16 
0.16 
0.16 


-  Feet  - 
2/ 


Feet 
2/ 


-   Percent  — 


+1.4 
+1.7 
+1.5 
+1.6 
+1.6 


+1.2 
+2.8 
+1.6 
+1.4 
+1.8 


-1.4 
-1.1 
-1.1 
-0.8 
-1.1 


0 

+28.4 

+8.4 

-.9 

+21.4 

+19.3 

-.3 

+26.9 

+14.2 

-.1 

+21.8 

+13.5 

-.3 

+24.6 

+13.9 

—  Arithmetic  mean  diameter  growth  of  trees  0.6-inch  d.b.h.  or  larger  in  1970  and 
living  through  the  5-year  period.    Diameter  growth  may  not  agree  with  difference  between 
mean  diameters  at  beginning  and  end  of  growth  period  in  table  1  because  average  plot 
diameters  at  each  measurement  are  based  on  trees  0.6-inch  d.b.h.  or  larger  at  that  time 
but  growth  is  based  only  on  trees  of  measurable  size  in  1971. 

^  Crown  dimensions  not  measured  on  fixed  area  plots. 


The  pronounced  effect  of  release  on  the  fir  londerstory  is  evident  by  a 
comparison  of  diameter  growth  rates  of  the  cut  trees  before  and  after  release. 
For  both  species,  the  average  growth  during  the  5-year  period  before  release 
was  about  0.04  inch  (0.10  cm)  per  year;  this  increased  nearly  threefold  to 
0.11  inch  (0.28  cm)  per  year  in  the  5  years  after  release.     Not  only  was  the 
average  annual  diameter  growth  greater  after  release,  but  the  response  occurred 
the  1st  year;  averaging  0.13  inch  (0.33  cm)  on  the  10-percent  sample  measured 
annually  in  the  fixed  area  plots. 
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Height  Growth 


Height  growth  between  species  did  not  differ  significantly  over  the  5-year 
period  on  either  fixed  or  variable  area  plots,  ranging  from  1.6  to  2.4  feet 
(0.49  to  0.73  m)  for  grand  fir  and  from  1.2  to  2,6  feet  (0.37  to  0.79  m)  for 
red  fir  (fig.  1).    No  significant  difference  in  height  growth  existed  between 
the  initial  spacing  plots  for  both  species  combined. 


[     I  Grand  fir 


—  area  plots  Variable  area  plots 


I  1  1  1  I  I 

6  6  12  18  24    Spacing  (feet) 

1200  1200  304  134  76    Trees  per  acre 

Figure  1. — Initial  height  in  1970  and  5-year  height  growth  after  release  by 
species  and  spacing  level.     Based  on  growth  of  all  trees  living  through 
the  5-year  period. 

Similar  to  diameter  growth,  the  trees  responded  to  release  by  faster 
height  growth.     Trees  were  growing  about  0.2  foot  (0.06  m)  in  height  per  year 
during  the  5  years  before  release.     In  the  same  length  of  time  after  release, 
the  average  growth  rate  doubled  to  about  0.4  foot  (0.12  m)  annually.  Heights 
were  not  measured  annually,  but  it  was  obvious  from  observations  that  height 
growth  response  occurred  the  first  growing  season  after  release. 

Height  growth  of  individual  trees  after  release  varied  widely,  ranging 
from  0  to  7.0  feet   (2.1  m)  during  the  5  year  period,     A  linear  regression  of 
height  growth  on  live  crown  ratio,  even  though  significant,  was  of  no  value 
in  predicting  height  growth  since  only  16  percent  of  the  variation  in  height 
growth  was  explained  by  live  crown  ratio. 

Mortality 

Nearly  all  of  the  mortality  that  occurred  on  the  plots  was  transplanted 
seedlings.     Of  the  2,530  trees  in  the  study,  111  died;  all  but  8  of  these 


5 


were  transplanted  trees.     No  snow  damage  was  observed  after  release  and  thin- 
ning except  for  a  few  trees  with  small  crowns  that  were  growing  in  dense 
clumps  before  thinning. 

Crown  Dimensions 

During  the  5-year  period  after  release,  average  crown  diameter  of  grand 
fir  increased  by  1.6  feet  (0.49  m)  compared  to  an  increase  of  1 . 8  feet  (0.55  m) 
for  red  fir  (table  2).     Spacing  had  no  significant  effect  on  crown  diameter 
growth. 

Because  of  more  epicormic  branching  on  grand  fir  than  on  red  fir  after 
release  and  thinning,  height  to  live  crown  decreased  by  an  average  of  1.1  feet 
(0.34  m)  for  grand  fir,  but  only  by  0.3  feet  (0.09  m)  for  red  fir,  a  signifi- 
cant difference   (table  2)  . 

DISCUSSION 

Meaningful  volume  growth  and  yield  data  in  relation  to  spacing  and  thin- 
ning regimes  will  be  available  in  the  future  from  this  study.     At  this  time, 
the  results  indicate  the  growth  potential  of  managed  true  fir  stands  on  good 
sites  such  as  this.     Because  of  their  shade-tolerance,  many  true  fir  seedlings 
and  saplings  retain  relatively  full  crowns  even  though  suppressed  for  many 
years  in  an  understory  position  and  thus  can  respond  rapidly  to  increased 
growing  space  from  release  and  thinning. 

I  am  not  suggesting  that  the  growth  response  found  in  this  study  after 
releasing  the  understory  by  killing  the  overstory  will,  correspond  exactly  to 
the  response  of  advance  reproduction  after  release  by  overstory  removal  but 
it  is  very  similar  to  that  reported  by  Gordon  (1973)  in  northern  California 
for  understory  true  fir  of  about  the  same  age  and  size.    He  found  a  marked 
increase  in  diameter  growth  within  1  to  2  years  after  release  by  logging  the 
overstory  and  a    fourfold  increase  in  height  growth,  but  increased  height 
growth  rate  was  not  observed  until  the  5th  year  after  release.    He  also 
reported  that  trees  taller  than  6  feet  died  only  if  they  had  been  damaged  and 
that  a  higher  relative  mortality  rate  occurred  in  firs  less  than  1  foot  tall. 
I  have  also  measured  a  growth  response  comparable  to  that  found  in  this  study 
on  understory  fir  saplings  released  after  overstory  removal  in  another  study 
in  eastern  Oregon. 

With  adequate  growing  space,  the  growth  rate  of  suppressed  understory  trees 
is  a  function  of  vigor  at  time  of  release.    Most  of  the  trees  in  this  study 
are  vigorous,  full  crowned  trees  with  live  crown  ratios  greater  than  40  percent, 
thus  showing  a  large  and  rapid  response  to  release.    On  the  other  hand,  a  few 
trees  with  very  small  crowns  (less  than  20-percent  live  crown)  showed  little 
or  no  growth.    The  weak  relationship  between  live  crown  ratio  and  height  growth 
may  be  improved  by  the  inclusion  of  additional  variables  such  as  diameter, 
height,  and  crown  surface  area  in  the  regression.     Studies  are  underway  to 
more  accurately  define  tree  parameters  related  to  growth  response  of  suppressed 
true  fir  advance  reproduction. 


—    Unpublished  data  on  file  at  Silviculture  Laboratory,  Bend,  Oreg. 
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Preservation  of  vigorous,  undamaged  true  fir  understories  by  careful  log- 
ging of  the  overstory  is  a  sound  silvicultural  practice.     This  avoids  the  loss 
of  growth  associated  with  eliminating  the  advance  reproduction  and  the  uncer- 
tainties of  obtaining  new  seedling  reproduction.     Barrett  et  al .   (1976)  have 
shown  that  it  is  possible  to  preserve  adequate  numbers  of  understory  ponderosa 
pine  {Pinus  ponderosa)  saplings  by  marking  the  potential  crop  trees  before 
logging  and  by  unconventional  slash  disposal  methods.     Similar  techniques 
should  be  applicable  to  mixed  conifer  stands  of  eastern  Oregon  where  topography 
permits  tractor  logging. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


G  PO  997-837 


